Composite Structures 25 (1993) 595 


Abd-el-Raouf, A. M., 521 
Aboudi, J., 241 
Abramovich, H., 371 
Adali, S., 305 

Araijo, A. L., 277 


Bert, C. W., 477 
Birman, V., 477 
Blagojevié, P., 45 
Bonifazi, G., 121 
Bonora, N., 139 
Braga, A. M. B., 449 
Brandt, A. M., 51 


Candido, G. M., 287 
Caneva, C., 121 
Chen, G. S., 101 
Chen, J. R., 101 
Chen, L. W., 345 
Chen, R. S., 101 
Chen, V. L., 267 
Chiu, J. W., 381 
Chiu, W. K., 201 
Clarke, M. P., 113 
Costanzi, M., 139 


Daudeville, L., 547 
Dawe, D. J., 77, 353 
de Freitas, M. M., 579 
Delaunoy, J.-M., 485 


El-Soaly, E. E., 521 
Engblom, J. J., 69 
Feldman, E., 241 


Gamby, D., 325 
Ganesan, N., 541 
Ghoneam, S. M., 521 


AUTHOR INDEX 
Hamada, A. A., 521 Livshits, A., 371 
Hamada, H., 61, 95, 407 Loughlan, J., 485 
Hart-Smith, L. J., 3 
Hellbom, K., 567 Maekawa, Z., 61, 95, 407 
Hirano, T., 95 Maekawa, Y., 61 
Hsiao, K. M., 503 Marchetti, M., 139 
Hsu, C.-S., 439 Marks, M., 51 
Marzouk, W. W., 193 
Idlbi, A., 495 Metz, V. H., 37 
Ireman, oe 567 Mohd, S., 353 
Jackson, R. H., 227 Morii, T., 95 
Jengq, S. T., 427 Moreira de Freitas, M., 277 
Jeong, K. S., 313 Mori, S., 61 
Jones, R., 201 Mota Soares, C. M., 277, 579 
Mottram, J. T., 387 
Kam, T. Y., 503 Muc, A., 295 
Karama, M., 495 Miiller de Almeida, S. F., 287 
Kim, C.-D., 477 
Kim, K. S., 313 , 
Nabi, S. M., 541 
Kiyosumi, K., 95 Nishiwaki, T., 61 
Ko, T.-C., 217 Nyman, T., 567 
Ko, W. L., 227 aay 
Kwak, Y. K., 313 
Okumura, T., 407 
Kwon, Y. W., 187 Olivieri, S., 121 


Laananen, D. H., 469 
Ladevéze, P., 547 
Lan, T., 345 

Latas, W., 295 

Lee, D. G., 313 

Lim, E. H., 419 
Lima, W. J. N., 449 
Lin, Chen-Chung, 397 
Lin, Chien-Chang, 157, 209, 217 
Lin, C.-H., 209 

Lin, S.-C., 503 

Lin, P. D., 345 

Liu, S., 257 


595 
Composite Structures (25) (1993) — © 1993 Elsevier Science Publishers Ltd, England. Printed in Great Britain 


Osman, M. Y., 529 
Overd, M. L., 557 


Pandey, M. D., 363 
Paul, J., 201 

Pavier, M. J., 113 
Pedersen, P., 277 
Pidaparti, R. M. V., 89 
Purkiss, J. A., 45 


Rammerstorfer, F. G., 129 
Rao, K. P., 459 
Rebiére, J. L., 325 


Reddy, J. N., 21 
Renze, S. P., 469 
RyS, J., 295 


Santulli, C., 121 
Savoia, M., 587 
Sherboume, A. N., 363 
Sheu, S. L., 427 

Silva, A., 579 
Skrna-Jakl, L., 129 
Soldatos, K. P., 165 
Summers, E. B., 305 
Swanson, S. R., 249 


Tanimoto, T., 95 

Tay, T. E., 419 
Thomsen, O. T., 511 
Thuis, H. G. S. J., 37 
Timarci, T., 165 
Touratier, M., 495 
Travassos, J., 579 
Tripathy, B., 459 
Tullini, N., 587 
Turvey, G. J., 529 


Verijenko, V. E., 173, 305 


Wang, J. T.-S., 157 
Wang, S., 77 

Wu, C.-P., 397, 439 
Wu, C. M. L., 339 
Wu, H.-Y. T, 267 


Yang, S. M., 381 
Yang, Q., 69 

Yeh, H.-Y., 267 
Yokoyama, A., 61, 407 


ENG 
q 

j 


Composite Structures 25 (1993) 596-600 


ABAQUS computer code, 495, 499 
Acoustic emission 
compression test monitoring by, 123-8 
residual life characterization by, 125-8 
Adhesive bonding 
adhesive interface element for laminated 
plates, 217-25 
bonded assembly configuration, 388 
creep properties, 392-4 
design for damage-tolerant, 201-7 
design methodology, 202-5 
implications for co-cured composite joints, 
206-7 
loading rate dependent analysis, 205-6 
long-term tests, 390-1, 391-4 
maximum load carrying capacity, 202-3 
problem description, 217-18 
pultruded beam assemblies, 387-95 
short-term tests, 389-91 
specimen details, 388-9 
stress analysis of joints, 217 
three-point bend test, 388 
ADS (Automated Design Synthesis) program, 
280 


Advanced Composite Construction System 
(ACCS), 387 
Airy’s stress function for plates, 143-4 
Angle-ply laminated plates, 529-39 
constitutive relations, 531 
initial flexural failure results, 533-6 
strain and curvature relations, 531 
ANSYS finite element package, 516 
Anthropomorphic robot, 313-24 
comparisons of composite forearm and steel 
forearm, 321-2 
deflection of robot arm 
by static loads, 315-18 
model, 317 
design and manufacture of composite trans- 
mission shafts, 319 
design and manufacture of joints, 319-21 
design and manufacture of robot arm, 318 
dimensions and angular displacements of steel 
and composite hollow drive shafts, 319 
effects of bonding length on maximum static 
torque transmission capability, 320 
forearm configuration, 315 
joint components of composite arm and 
hollow drive shafts, 320 
mass distributions of forearm, 316 
mechanical model of forearm, 316 
model of forearm, 317 
model of robot arm, 317 
specifications, 314 
Artificial damage techniques 
comparison with real damage, 119-20 
low velocity impact, 113-20 
mapping function of implants, 119 
residual strengths of damaged specimens, 119 
review of past methods, 113-16 
Artificial delamination 
materials tested, 114—15 
techniques, 114 
test results, 114-15 
Australian Civil Aviation Authority (CAA), 
201-7 


Bead-stiffened panels, 469-76 


SUBJECT INDEX 


Bending 
derivation of complete solution by 
superposition, 515-16 
derivation of local bending solution, 514-15 
sandwich plates, 511-20 
parametric effects, 518-19 
T-beams, 579-86 
Bernoulli—Euler beam functions, 357 
Biaxial strengths, comparison with other pre- 
dictions, 13-17 
Biaxial stresses in failure theories, 3-20 
Biaxial test specimen 
defective, 10 
demonstrating identical biaxial strengths of 
0°/90° and +45° laminates, 11 
Biaxial testing in failure mechanisms, 7 
BLACKART computer code, 17 
Bolted joints 
design diagrams, 573 
design methods, 567-78 
including solution of contact problem, 
572-3 
simple analytically based, 571-Z 
failure criteria, 571-2, 573 
failure prediction, 575-7 
load distribution analysis, 568 
numerical results, 573-5 
orthotropic composite plates under uniform 
loading, 209-15 
strength analysis, 212-13 
stress analysis, 210-12, 568-71, 572 
Bonded joints. See Adhesive bonding 
Boundary element method, 210, 213 
Boundary fixations, eigen analysis of laminated 
plates, 521-8 
Boundary layer problem in delamination analy- 
sis, 550-1 
Buckling 
critical load vs. bead flexural rigidity, 474 
determination of effective flat plate size, 473 
finite element methods, 462 
general partial edge loading buckling mode, 
491 
general shear buckling mode, 490 
influence of pre-buckling stress-field on crit- 
ical loads of inhomogeneous composite 
laminates, 363-9 
local partial edge loading buckling mode, 491 
local shear buckling mode, 490 
of anisotropic simply supported curved plates 
under shear loading, 359-60 
of isotropic flat square plates, 359 
of open-section bead-stiffened composite 
panels, 469-76 
analysis results, 473-4 
closed-form solutions, 471-3 
of pear-shaped cylinders with diaphragm ends 
under axial loading, 360-1 
of plain and discretely stiffened composite 
axisymmetric shell panels shells, 459-67 
of spherical shells, 299 
of stiffened plates 
effect on loading configuration, 485-94 
effects of fibre orientation, 485-94 
of thin laminated composite, prismatic shell 
structures, 353-62 
optimum design for, 459-67 
optimum lay-up, 462 


596 
Composite Structures (25) (1993) — © 1993 Elsevier Science Publishers Ltd, England. Printed in Great Britain 


Buckling—contd. 
postbuckling behaviour of metal matrix com- 
posites (MMC), 241-8 
postbuckling response of SiC/Ti metal matrix 
laminated panels, 244 
pre-buckling stress analysis, 364-5 
pre-buckling stress fields, 363—9 
pre-buckling stresses resulting from partial 
edge loading, 491 
shear buckling capacity of single transverse 
stiffener arrangement, 492 
shear buckling strengths of MMC sandwich 
panels, 235, 237, 239 
thermal, 345-52 
uniaxial behaviour of composite laminates, 
363-9 
Buckling analysis 
combined compressive and shear, of metal 
matrix composite sandwich plates, 227 
inhomogeneous composite laminates, 365 
numerical results, 232 
see also Postbuckling analysis 
Buckling equation, combined-load, 229 
Buckling interaction curves, 232, 233 
Buckling interaction surfaces, 237, 238 
Buckling load factors, rank ordered list of, 463-6 
Buckling loads, experimental verification of, 
474-5 
Buckling strengths of honeycomb-core sandwich 
panels, 234 


Cantilever beams, equations of motion, 373-6 
Cantilever plate 
cylindrical bending of, 32 
failure probability of, 510 
Cantilevered curved composite panels, 89-93 
Carbon composite materials, repair of fatigue 
failures, 557-65 
Carbon fibre composites, artificial damage tech- 
niques for low velocity impact, 113-20 
Carbon fibre/epoxy composites 
anthropomorphic robot, 313-24 
properties of, 318 
Carbon/epoxy laminates 
mechanical properties of, 289 
tensile strength of, 287-303 
Carbon-resin laminates, delamination analysis, 
547-55 
Cement-based composites 
application of multi-criteria optimization to 
design, 54 
examples of material optimization, 54-9 
material optimization, 51-3 
multi-criteria optimization, 51-60, 53 
CFRP laminates 
elastic properties of uni-directional lamina, 
534 
finite element model, 407-17 
interlaminar modelling, 408-9 
interlaminar stress distribution, 407-17 
numerical analysis of interleaved, 414-15 
stacking sequence of interleaved, 414 
strength ratios of uni-directional lamina, 535 
tensile impact testing, 427-38 
thermal and mechanical fatigue analysis, 
339-44 
three-dimensional analytical model, 410-12 
with transverse crack, 407-17 


CFRP plates, 61-7 
elastic flexural analysis, 530 
initial failure response, 533 
Characteristic Damage State (CDS), 325 
Clamped spherical cap under extemal pressure, 
463 


Classical beam theory, 581 
Classical lamination theory (CLT), 29, 61, 289, 
420, 451, 454-6 
Classical plate theory (CPT), 77 
Classical sandwich theory (CST), 519 
Complementary energy in laminated composites, 
330-1 
Composite crush cylinders, failure mode of, 
37-43 
Composite laminates. See Laminated composites 
Compression after impact (CAI) behaviours of 
large structures, 268 
Compression test monitoring by acoustic 
emission, 123-8 
Compressional behaviour of composite lamin- 
ates, 427-38 
Compressive buckling analysis. See Buckling 
analysis 
Compressive buckling strengths of MMC 
sandwich panels, 234, 235, 236, 239 
Concrete beams 
comparison between short and long term 
behaviour of fibre reinforced and 
unreinforced, 45-9 
control test data, 45-6 
crack width development, 48 
deflection rates, 49 
long term static loading, 47-9 
mix details, 45 
short term static loading, 46—7 
test details, 46 
Concrete-like composites. See Cement-based 
composites 
Conditional reliability, 507 
Conical sandwich panel without and with hoop 
stiffeners, 466-7 
Continuum damage mechanics (CDM), 420 
Crack opening displacement (COD), 422-3 
Cracks 
in CFRP laminates, 407-17 
sharp crack in infinite plate, 144-8 
transverse, modelling of, 409-10 
transverse matrix, 191 
Creep properties of bonded beam assemblies, 
392-4 
Cross-ply laminates. See Laminated composites 
Curing process 
of glass/epoxy, 384 
optimal temperature path and residual stress, 
104-6 
Curved composite panels, 89-93 
Cyclic symmetric method, spur gears, 541-6 
Cylindrical bending of cantilever plate, 32 
Cylindrical pressure vessels 
design for maximum intemal pressure, 306-8 
design for minimum weight, 308-11 
four-layered constant thickness, 310 
four-layered variable thickness, 310 
optimal design problem, 309 
optimal fibre angles and minimum weight, 
310 
single-layered constant thickness, 310 
single-layered variable thickness, 310 
Cylindrical shells 
ring and stringer stiffened, 477-84 
unified formulation of laminated composite, 
shear deformable, five-degrees-of- 
freedom theories, 165-71 
vibration of, 477-84 
see also Ring and stringer stiffened cylindrical 
shells; Stresses in rotating composite 
cylindrical shells 


Damage dependent dynamic response of lami- 
nated composite structures, 69-75 


Subject index 


Damage evolution 
in composite laminates, 419 
model, 423-4 
Damage mechanics, delamination analysis, 
547-55 
Damage state, representation of, 420 
Damage-tolerant bonded joints, designing for, 
201-7 
DCB test, 552 
Deformation 
analysis of laminated spherical shells, 297-9 
in integrally stiffened layered composite 
panels, 131 
in laminated composite plates and shells, 
173-85 
Delamination 
in composite laminates, 407 
in cross-ply laminates due to spherical 
indenter, 257-65 
in integrally stiffened layered composite 
panels, 133 
initiated by free edge stresses, 287 
predicted growth sequence 
with surface matrix crack, 263 
without surface matrix crack, 262 
size as function of impact velocity, 251 
size predicted and measured with respect to 
quasi-impact energy, 263 
strain energy release rates of Modes I, II, and 
Ill, 264 
strain energy release with or without surface 
matrix crack, 262 
typical contact zone with intemal crack and/or 
surface matrix crack, 263 
Delamination analysis 
boundary layer problem in, 550-1 
damage mechanics method, 547-55 
fracture mechanics in, 549-50 
free edge of specimen under tension or com- 
pression, 553 
laminate modelling for, 548-9 
multi-layer method, 552 
numerical simulations, 552-4 
Riks-like method for, 551 
Design 
bolted joints in aircraft structures, 567—78 
buckling of axisymmetric shell panels/shells, 
459-67 
damage-tolerant bonded joints, 201-7 
Diffusion coefficients, graphite/epoxy composite, 
104 
Discrete model validation, 282 
Dispersion curves of Rayleigh—Lamb waves, 454 
Dispersive waves in composites, 449-57 
Displacement-based single-layer theories, 22-3 
Displacement continuity constraints, 441 
Displacement evaluation in spur gears, 542-3 
Dynamic Relaxation (DR) algorithm, 532-3 
Dynamic Relaxation (DR) technique, 529-39 


EDA finite element program, 552, 554 
Edge conditions 
effects of in-plane, 368-9 
for laminated Mindlin plates, 532 
for simply supported and clamped plates, 534 
see also Free edge 
Edge effects, solution for higher-order laminated 
plate theory, 495-502 
Effective moduli of fibrous composites, 187-92 
E-glass polyester unidirectional composite 
lamina, elastic moduli of, 523 
Eigen analysis of fibre-reinforced composite 
plates, 521-8 
Eigenvalues 
measurement of, 523-4 
solutions, 230-1 
Eigenvectors, measurement of, 523-4 
Elastic foundation model, 512-14 
Elastic response of inhomogeneous orthotropic 
beams with general cross-section and 
subject to uniform torsion, 587-94 


597 


Energy absorption 
effect of laminate lay-up, 41 
effect of trigger configuration, 42-3 
Environmental humidity. See Humidity effect 
Equations of motion 
cantilever beams, 373-6 
high-order laminate theory, 442-4 
in terms of displacements, 478-9 
reduced, 71-2 
solution of, 479-80 
unreduced, 70 
Equilibrium equations, in-plane and out-of-plane, 
531 
Equivalent-single-layer (ESL) laminate theories, 
23-4 


Euler—Bemoulli beam model, 381 


Failure analysis 
angle-ply laminated plates, 529-39 
first-ply. See First-ply failure analysis 
in integrally stiffened layered composite 
panels, 135-6 
large deflection initial, 529-39 
Tsai’s first-and last-ply, 14, 15 
Failure characteristics for fibres and matrix, 5 
Failure criteria 
and Hill’s work on plasticity, 5—7 
Black’s, 9 
bolted joints, 571-2, 573 
generalized maximum-shear stress, 7 
integrally stiffened layered composite panels, 
132 
T-beams, 582-3 
with multiple characterizations, 8 
Failure envelopes 
based on Ten-Percent Rule, 12 
for quasi-isotropic carbon-epoxy laminates, 
13, 14 
Failure mechanisms, biaxial testing in, 7 
Failure modes 
characterization of, 4 
combined, 6 
composite cmush cylinders, 37-43 
multilayered laminated spherical shells, 
295-300 
splaying, 40 
Failure prediction for bolted joints, 575-7 
Failure probability 
cantilever plate, 510 
simply-supported plate, 509 
Failure strength of laminate under in-plane 
stresses, 214-15 
Failure surface for mildly anisotropic materials, 6 
Failure theories 
biaxial stresses in, 3-20 
laminate, 11 
major inconsistency in, 17-18 
validation, 7 
Fatigue analysis of CFRP laminates, 339-44 
Fatigue failures, carbon composite repairs, 
557-65 
Fibre breaks in plate specimens, 252-3 
Fibre composites, impact damage scaling from 
laboratory specimens to structures, 
249-55 
Fibre failure criterion, 8 
Fibre orientation 
effect in single longitudinal stiffener arrange- 
ment, 493 
eigen analysis of laminated plates, 521-8 
Fibre-reinforced composite plates 
Eigen analysis of, 521-8 
laminated rectangular, 77-87 
vibration, 521-8 
Fibrous composites 
effective moduli of, 187-92 
micro-mechanical damage in, 187-92 
micro-mechanics model for, 188-9 
Finite element methods (FEM) 
adhesive-bonded structures, 218-20 


| 
| 
| 


598 


Finite element methods (FEM)—contd. 
buckling, 462 
buckling of stiffened panels, 470-1 
CFRP laminates with transverse crack, 
407-17 
comparison with theoretical results, 148-52 
damage-dependent response of laminated 
composite structures, 69-75 
fibre-reinforced composite plates, 522 
free edge stresses, 129-37 
local bending effects in sandwich plates, 
516-18 
local stress analysis, 572-3 
mesh superposition technique, 26-8 
sandwich plates, 397-405 
spur gears, 541-6 
stress field around holes in orthotropic com- 
posite plates under in-plane conditions, 
148-52 
stress redistribution, 270-1 
T-beams, 583 
thermal buckling of bimodular sandwich 
beams, 345-8 
three-dimensional, 495-502, 541-6 
Finite element models, 279 
integrally stiffened layered composite panels, 
130 
Finite strip method (FSM) 
applications, 358-61 
buckling and free vibration of prismatic shell 
structures, 353 
buckling of stiffened plates, 485-94 
general application, 354 
shell equations, 354-5 
solution procedure, 357-8 
strip displacement field, 356—7 
strip matrices, 357 
superstrips, 357 
First-order plate theory, 22 
First-order shear deformation theory (FSDT), 
29-30, 452, 455, 456, 495, 587 
— analysis (FPF), 17-18, 296, 299, 


criteria, 296, 301, 303 
limit loads, 302 
pressures, 300 
resistance, 300 
Flanges 
curved flange failure repair, 562-3 
tapered flange failure repair, 563—4 
Fliigge’s theory of shells, 305 
Flutter analysis of cantilevered curved composite 
panels, 89-93 
Force evaluation, spur gears, 542-3 
Fracture behaviour 
interleaved CFRP laminates, 416 
laminates, 40-1 
quasi-isotropic CFRP laminate, 413 
Fracture development 
interleaved CFRP laminates, 416 
resin layers, 412 
Fracture mechanics, in delamination analysis, 
549-50 
Fracture toughness, free edge, 287 
Fragmentation failure mode, 40 
Free edge 
delamination, 553 
effects in integrally stiffened layered com- 
posite panels, 129-37 
fracture toughness, 287 
Free edge finishing, effect on tensile strength of 
carbon/epoxy laminates, 287-303 
Free edge problem, description of, 340 
Free edge stresses, 30-1 
delamination initiated by, 287 
finite element methods, 129-37 
Frequency parameter, 83, 84, 85, 86 
Frequency response function, 522 
Frequency response spectrum (FRS), 523 
Friction, effect of motion parameters on final 
temperature of, 198 


Subject index 


Friction coefficient, effect of motion parameters, 
196 


Gaussian quadrature, 279 
GFRP 
tensile impact testing, 427-38 
use of panels in wet environment, 95-100 
GFRP panels, degradation behaviour immersed 
in hot water, 95 
GFRP plates, elastic flexural analysis, 530 
Glass/epoxy 
curing process of, 384 
in-plane shear modulus, 190 
stiffness loss in laminates, 424 
stiffness reduction, 191 
stress-strain curves, 425 
Global finite difference (GFD) approximation, 
282 
Global-local analysis, with variable kinematic 
elements, 30-1 
Global-—local finite element analysis, 26 
Global-local solution efficiency, 27 
Global-local strategies, 25-6 
Graphite/epoxy composite, 101-11 
diffusion coefficients, 104 
in-plane shear modulus, 190 
linear elastic analysis, 103 
longitudinal elastic modulus, 189 
numerical analysis, 106-7 
swelling coefficients, 104 
thermal expansion coefficients, 104 
transverse elastic modulus, 189 
transverse Poisson’s ratio, 190 
transverse shear modulus, 190 
viscoelastic analysis, 103-4 
viscoelastic properties, 104 
Graphite/epoxy laminates 
stiffness loss, 424 
stress-strain curves, 424 


Hasofer—Lind method, 507 
Helicopters, carbon composite repairs of metallic 
primary structures, 557-65 
Higher-order shear deformation theory, 495 
Holes 
circular, elliptical hole in infinite plate, 144-8 
see also Stress field around holes in 
orthotropic composite plates under in- 
plane conditions 
Homogeneous plate, surface impedance tensor 
of, 450-1 
Hoop stiffeners, 466-7 
Humidity effect 
on optimal temperature path, 101-11 
theoretical analysis, 103 
HYSOL EA 9309.2 NA adhesive, 320 


IDEAS code, 261 
Image analysis, post-impact, 123 
Impact damage 
creation of, 116 
evaluation on advanced stitched composites, 
121-8 
examination of, 116-17 
in fibre composites, scaling from laboratory 
specimens to structures, 249-55 
modelling, 269-70 
residual strength, 267-75 
scaling of, 251-4 
stiffness, 267-75 
X-ray results, 117-19 
see also Spherical indenter 
Impact tests 
measured delamination size as function of 
plate size in scaled dynamic tests, 251 
stitched composites, 122-3 
Inhomogeneous laminates, efficiency of, 366 
In-plane shear modulus 
glass/epoxy, 190 
graphite/epoxy, 190 


In-plane stresses 
in sandwich plates, 501 
see also Stress field around holes in 
orthotropic composite plates under in- 
plane conditions 
In-stresses, failure strength of laminate under, 
214-15 
Interface shearing stress in laminated composites, 
328 
Interlaminar normal stress distribution, 31-2 
Interlaminar shear stress distribution, 31-2 
Interlaminar stresses, 23 
continuity of, 168-70 
in integrally stiffened layered composite 
panels, 130-1 
state variables 69-71, 419-23 
Isotropic plates, stress and strength analysis, 213 


Kirchhoff—Love theory, 495-502 
Koiter-Sanders thin shell theory, 354 


Lagrange interpolation functions, 24 
Laminar coordinate system, 278 
Laminate lay-up, 37-43 
effect on specific energy absorption, 41 
Laminate modelling for delamination analysis, 
548-9 
Laminate theories, 21-35 
Laminated beams 
cross-ply, 371-9 
dynamic behaviour, 371-9 
rectangular multi-layered cross-section, 
589-91 
torsional response of inhomogeneous and 
multi-layered, 587-94 
with piezoelectrical layers as open-loop 
control system, 376 
Laminated composites 
axial stiffness loss, 332-3 
clamped supports, 365 
complementary energy in, 330-1 
cross-ply, 257-65 
maximum stresses and displacement in, 446 
simply supported, 444-5 
stiffness loss in, 419-25 
damage dependent dynamic response of, 
69-75 
failure theories, 11 
geometry, local coordinate system and loading 
condition of three-layer, 447 
high-order deformable theory, 439-48 
high strain rate compressional behaviour, 
427-38 
influence of pre-buckling stress-field on criti- 
cal loads, 363-9 
interface shearing stress in, 328 
material properties of plate specimens, 277-85 
matrix cracking in, 325-37 
nonlinear higher-order theory for plates and 
shells, 173-85 
prismatic shell structures, 353-62 
shearing stress distribution in, 326-8 
simply supported, 365 
stacking sequence effect on tensile fracture 
stress of, 290 
statically admissible stress field in, 328-30 
stitched and unstitiched, 427-38 
stress distribution in, 331-2 
tensile and compressive quasi-static properties, 
430 
tensile damage analysis method for, 61-7 
with moulded edges, 288 
Laminated cylindrical panels. See Metal matrix 
composites (MMC) 
Laminated cylindrical pressure vessels, 
optimization of, 305-12 
Laminated plates 
adhesive interface element for bonding, 
217-25 
angle-ply, 529-39 


| 
| 
| 


Laminated plates—contd. 
centre deflection of clamped patched, under 
uniform transverse load, 224 
edge solution for higher-order laminated plate 
theory, 495-502 
limit state equation for, 506 
Rayleigh-Lamb wave dispersion spectrum of, 
449-57 
reliability analysis, 503-10 
see also Nonlinear analysis of laminated com- 
posite plates and shells 
Laminated pressure vessels, optimization of, 305 
Laminated spherical shells, deformation analysis 
of, 297-9 
Last-ply failures (LPF), 17-18, 299 
Layerwise theory, 24-5 
accuracy of, 28-30 
Lightening hole failure repair, 557-62 
Limit load carrying capacity (LLCC) for spheri- 
cal laminated shells under external pres- 
sure, 295-303 
Limit state equation for laminated plates, 506 
Linear elastic analysis of graphite/epoxy com- 
posite, 103 
Love-Kirchhoff hypothesis, 22, 296 


Material properties 
identification examples, 282—4 
plate specimens, 277-85 
MATHEMATICA program, 495, 498 
Matrix cracking 
_ in cross-ply laminates due to spherical 
indenter, 257-65 
in integrally stiffened layered composite 
panels, 135 
in laminated composites, 325-37 
Matrix failures, 8-9 
Maximum strain failure model, 12 
for fibre-polymer composites, 9 
Maximum stresses and displacement 
in cross-ply laminates, 446 
in simply supported square sandwich plates, 
448 
Mechanical properties 
carbon/epoxy pre-impregnated material, 289 
identification optimization problem, 280-1 
plate specimens, 277-85 
unidirectional laminates, 383 
Meridional stiffener element (MSE), 459, 467 
Metal matrix composites (MMC) 
constitutive equations, 242 
imperfection sensitivity of laminated cylin- 
drical panels, 241 
macromechanical analysis, 242-4 
material properties of laminated face sheets, 
232 
micromechanical analysis, 242 
postbuckling behaviour of, 241-8 
response of elastic—viscoplastic cylindrical 
panel to axial loading, 242-4 
sandwich panels, 227-39 
Micro-mechanical damage in fibrous composites, 
187-92 
Micro-mechanics, 4 
Micro-mechanics model for fibrous composites, 
188-9 
Mindlin laminated plate, DR solution of govern- 
ing equations, 532-3 
Mindlin large deflection plate equations, 530-2 
Mindlin plate model, 278 
MMFG EXTREN 500/525 series, 388 
MMfFG series 500/525 flat sheet, 389 
MMFG series 500/525 structural shapes, 389 
Moisture content, equilibrium, 102-3 
Moisture diffusion, goveming equation, 101-2 
Moisture diffusion coefficient, 102-3 
Moisture sorption, swelling strain due to, 102 
Motion parameters, effect on tribological behav- 
iour of PTFE-based composites, 193-9 
Moulded edges, laminates with, 288 
MSC/NASTRAN, 270 


Subject index 


Multi-layered composite plate, surface im- 
pedance tensor of, 451 


Newmark integration operator, 70, 71 
Nonlinear analysis of laminated composite plates 
and shells, 173-85 
derivation of kinematic hypotheses, 173-80 
higher-order theory, 180-2 
numerical results, 182—4 
Normal deformation, effects in laminated com- 
posite plates and shells, 173-85 


Orthotropic composite plates 
bolted joints under uniform loading, 209 
stress and strength analysis, 213 
see also Stress field around holes in 
orthotropic composite plates under in- 
plane conditions 


Parallel circle stiffener element (PCSE), 459, 467 
PATRAN finite element code, 470, 474 
Penetrant enhanced deply, 117 
Penetrant enhanced radiography, 117 
Piezoelectric layer as open-loop control system, 
376 
Piezoelectric materials 
electro-mechanical property of, 383 
tip response excited by, 386 
vibration of aerospace composite structures 
with, 381-6 
Piola—Kirchhoff stress vector, 504 
Plasticity, Hill’s theory of, 5 
Ply angle, 509-10 
Ply cracks 
techniques for inserting, 115 
test results, 115-16 
Ply failure 
analysis for thin-walled structures, 296-7 
in integrally stiffened layered composite 
panels, 134~5 
Poisson’s effect, 61 
Poisson’s ratio, 70, 190, 508 
Polytetrafluoroethylene. See PTFE 
Postbuckling. See Buckling 
Post-cure optimal cool-down path, 101-11 
Pre-buckling. See Buckling 
Pressure vessels 
optimization of, 305-12 
see also Cylindrical pressure vessels 
Primary Adhesively Bonded Structure Technol- 
ogy (PABST) program, 201-7 
PTFE-based composite, effect of motion para- 
meters on tribological behaviour, 193-9 
Pultruded beam assemblies, adhesive bonding, 
387-95 


Quadratic failure criterion, 130 
Quadratic isoparametric elements, 213 
Quadratic stress criterion, 133 
Quadrilateral shell finite element, 90 
Quasi-isotropic carbon-epoxy laminates, failure 
envelope for, 13, 14 

Quasi-isotropic CFRP plates, 62 
Quasi-three-dimensional model, 62 

basic concept, 62 

example of, 62 

top figure of, 62 


Radial constraint, effect on dynamic properties 
of composite laminates, 427-38 
Rayleigh—Lamb waves 
dispersion curves, 454 
dispersion spectrum of laminated plates, 
449-57 
Rayleigh-Ritz method, 77-87, 227 
applications, 82-5 
Reddy’s refined third-order theory (RSDT), 452, 
455, 456 
Reissner—Mindlin theory, 495, 587 


599 


Reliability analysis of laminated composite plate 
structures subject to large deflections 
under random static loads, 503-10 
Repairs of helicopter metallic primary structures, 
557-65 
Repeated sublaminate construction, 460-1 
Residual life characterization by acoustic 
emission, 125-8 
Residual strength 
damaged specimens, 119 
effect of test panel size/configuration, 268 
impact damaged composites, 267—75 
Riks-like method for delamination analysis, 551 
Ring and stringer stiffened cylindrical shells, 
463-6 


reduction to smeared case, 480 
vibration of, 477-84 
Ritz vectors, 69, 72, 73 
Robots. See Anthropomorphic robot 
Rotating cylindrical shells. See Stresses in rotat- 
ing composite cylindrical shells 


St Venant problem, 587 
Sandwich beams 
bimodular, 345 
clamped at both ends, 350-1 
hinged at both ends, 348-50 
thermal buckling of bimodular three-layer, 
345-52 
Sandwich panels, metal matrix composites, 
227-39 
Sandwich plates 
bending effects in, 511-20 
clamped edge, 495-502 
edge solution for higher-order laminated plate 
theory, 495-502 
elastically supported, specially orthotropic 
face, 512 
end effects, 497 
finite element formulation, 399-400 
finite element methods, 397-405 
geometrical and material properties, 498 
high-order deformable theory, 439-48 
in-plane stresses in, 501 
simply supported, 495-502 
simply supported square, 448 
theory, 397-9 
transverse displacement in, 500 
transverse shear stresses in, 501 
with orthotropic face layers subjected to local- 
ized loads, 511-20 
Scaling effects on residual strength of impact 
damaged composites, 267, 268-9 
SCARA robot arm, 314 
Sensitivity analysis, 281-2 
Shear buckling. See Buckling; Buckling analysis 
Shear correction factors, 22 
Shear deformation plate theory (SDPT), 77, 79 
Shear stresses 
distribution in laminated composites, 326-8 
distribution through thickness of laminated 
plate, 447 
effects in laminated composite plates and 
shells, 173-85 
Shell structures 
axisymmetric, 459-67 
thin laminated prismatic, 353-62 
see also Nonlinear analysis of laminated com- 
posite plates and shells 
SiC/Ti metal matrix laminated panels, post- 
buckling response of, 244 
Single-layer plate theories, 21 
Smart structures, 381-6 
C-scan plot, 384 
modal testing, 385 
natural frequency, 385 
specimen geometry and cross-section, 383 
static and vibration test, 383-5 
Smeared case for closely spaced stiffeners, 480 
Spherical indenter, delamination growth due to, 
257 


600 


Spherical shells 
buckling of, 299 
displacement of, 298 
limit load carrying capacity under external 
pressure, 295-303 
Splaying failure mode, 40 
Split Hopkinson pressure bar (SHPB) apparatus, 
427 


Spur gears 
cyclic symmetric method, 541-6 
displacement evaluation, 542-3 
finite element methods, 541-6 
force evaluation, 542-3 
static stress analysis, solution procedure, 543 
stiffness description, 542 
stress analysis of, 541-6 
Stacking sequence effect, 278 
eigen analysis of laminated plates, 521-8 
interleaved CFRP laminates, 414 
tensile fracture stress of laminates, 290 
with woven fabrics, 292 
Statically admissible stress field in laminated 
composites, 328-30 
Stiffened panels, buckling of, 469-76 
Stiffness, impact damaged composites, 267—75- 
Stiffness description, spur gears, 542 
Stiffness loss 
axial, in laminated composites, 332-3 
in cross-ply composite laminates, 419-25 
Stitched composites 
compression load vs. impact energy, 127 
compression test monitoring by acoustic 
emission, 123-8 
impact damage evaluation, 121-8 
impact tests, 122-3 
residual life characterization by acoustic 
emission, 125-8 
Strain—displacement relationships, 440 
Strain rate, effect on dynamic properties of com- 
posite laminates, 427-38 
Strength analysis of bolted joints, 212-13 
Strength characterization, measurements needed 
for, 4 
Stress analysis 
adhesive-bonded structures, 217 
bolted joints, 210-12, 568-72 
spur gears, 541-6 
using fixed contact stress distribution, 571 
Stress concentration factor 
and impact damage residual strength, 271 
around circular hole in infinite composite 
plate, 274 
for centre-hole plate with Al-ring patch, 224 
for centre-hole plate with boron-ring patch, 
224 
parametric study, 274 
Stress concentration vs. percentage of stiffness 
retained impact damage area, 273 
Stress conditions, in-plane. See Stress field 
around holes in orthotropic composite 
plates under in-plane conditions 
Stress distribution 
four-stringer panel, 273 
in laminated composites, 331-2 


Subject index 


Stress distribution—contid. 
interlaminar, in CFRP laminates, 407-17 
test coupon, 272 
two-stringer panel, 272 
Stress field around holes in orthotropic compos- 
ite plates under in-plane conditions, 
139-56 
comparison between theoretical and FEM 
results, 148-52 
fundamental equations, 140-3 
theoretical formulation, 140-8 
Stress redistribution, finite element method, 
270-1 
Stress—strain curves 
glass—-epoxy laminates, 425 
graphite-epoxy laminates, 424 
unidirectional GFRP specimens, 431 
Stresses in rotating composite cylindrical shells, 
157-64 
analysis, 159-61 
basic equations, 158-9 
examples, 162-3 
simple model, 161-2 
theory, 157-62 
Sublaminate coding, 460-1 
Surface impedance tensor 
homogeneous plate, 450-1 
multilayered composite plate, 451 
Swelling coefficients, graphite/epoxy composite, 
104 
Swelling strain due to moisture sorption, 102 


T-beams 
bending behaviour, 579-86 
fabrication, 580-1 
failure criteria, 582-3 
finite element methods, 583 
flexural tests, 581 
materials, 580 
simplified theory, 581 
subjected to very high loading, 579-86 
Temperature effects 
compressive and shear buckling analysis of 
metal matrix composite sandwich panels, 
227-39 
final temperature of friction, 198 
theoretical analysis, 103 
see also Buckling, thermal 
Ten-Percent Rule, 7, 9-13 
failure envelopes according to, 12 
Tensile damage analysis 
holed laminates, 65-6 
laminates, 61—7 
virgin laminates, 
Tensile properties of interleaved CFRP lamin- 
ates, 416 
Tensile strength of carbon/epoxy laminates, 287 
Thermal expansion coefficients, 348 
graphite/epoxy composite, 104 
Thin-walled structures, ply failure analysis for, 
296-7 
Third-order shear deformation theory (TSDT), 
451, 455, 456 
Third-order theory of Reddy, 22 


Torsion problem of orthotropic beams, 588-9 

Torsional response of inhomogeneous and 
multilayered beams, 587-94 

Torsional response of sandwich isotropic and 
orthotropic cross-sections, 591-3 

Touratier theory, 495-502 

Tracer coefficients associated with different thin 
shell theories, 478 

Traction continuity constraints, 441 

Transverse cracks in damaged layer, 421 

Transverse displacement, in sandwich plates, 500 

Transverse shear, effects in laminated composite 
plates and shells, 173-85 

Transverse shear stresses in sandwich plates, 501 

Tresca criterion, 6 | 

Tribological behaviour of PTFE-based com- ' 
posites, 193-9 

Trigger configuration, 37-43 

effect on energy absorption, 42-3 
effect on peak load, 41 

Truncated maximum-strain theory, 8 

Tsai—Hill failure criterion, 305, 529-39 

Tsai—Wu criterion, 130, 133, 134 

Tsai—-Wu ‘failure theory’, 17 

Tsai—Wu ‘last-ply’ failure model, 10 


Unidirectional composite materials, 300-2 
Unidirectional laminates, mechanical properties 
of, 383 


Variable kinematic elements and mesh 
superposition, 32-3 
Variable kinetic finite elements, 25-6 
Vibration 
aerospace composite structures with 
piezoelectric materials, 381-6 
fibre-reinforced composite laminated rectangu- 
lar plates, 77 
fibre-reinforced composite plates, 521-8 
isotropic cantilever cylinders, 359 
isotropic clamped curved plates, 358 
thin laminated composite prismatic shell struc- 
tures, 353-62 
thin-walled circular cylindrical shells, 477-84 
two-layered simply supported curved plates, 
358-9 
Vinson index convention, 278 
Viscoelastic analysis, graphite/epoxy composite, 
103-4 
Viscoelastic properties, graphite/epoxy compos- 
ite, 104 
von Karman plate theory, 504 
von Mises’ criterion, 6 


Wear intensity, effect of motion parameters, 196 
Weibull distributions, 507-9 
Weight change mechanism 
effect of degradation of fibre/matrix interface 
on, 98-9 
of GFRP panel immersed in hot water, 
95-100 
Winkler foundation model, 511 
Woven roving composite materials, 299-300 


